. Carbenicillin resistance, which had not been found in our Unit during the first three years of using the antibiotic, suddenly appeared in 1969, and was shown to be due to a resistance factor apparently transferred, by conjugation, from another Gram-negative bacillusprobably a klebsiella or proteus (Lowbury et al. 1969 , Roe et al. 1971 ).
Comments
Apart from treatment directed against Str. pyogenes, the main advances in the control of infection of burns have been prophylactic. It is fortunate that silver nitrate, an antiseptic with no role in chemotherapy, has been so effective in keeping bums free from the organisms that have caused the most dangerous infections. But a few strains of Ps. aeruginosa relatively resistant to silver compounds have been found in the United States, and their emergence in other countries must be anticipated. For this reason alternative methods of controlling infection must be assessed. More attention should, perhaps, be given to the second line of defence, including not only immunological methods but also nonspecific resistance to invasion. The low mortality reported from the burns unit in Stockholm (Birke et al. 1964) , where no topical chemoprophylaxis is used, suggests that supportive measures used there may be effective in preventing invasion by bacteria which are shown to be colonizing the burns. A comparative trial of silver nitrate compresses and exposure treatment with warm dry air (the Stockholm method) on severely burnt patients is at present being made in Birmingham. The Local Lesion There is now a good body of knowledge on the threshold conditions for the production of burns. We can also give similar information for burns from microwave, laser or ultrasonic energy sources as well as from the more usual forms of thermal conduction or radiation (Carney et al. 1968 , Lawrence 1968 , 1969 , Camey et al. 1972 ). Rather less, however, is known about the underlying biochemical lesion in bums. My colleagues have shown that, in threshold bums of isolated skin, respiration, uptake of phosphate into cells, uptake of sulphate into intercellular substances and synthesis of collagen are all inhibited by the same temperature conditions. All these criteria of damage show similar sigmoid dose-response curves to increasing temperatures. A current problem is, therefore, to try to find the common biochemical lesion responsible for these various forms of damage. If this lesion can be identified it might be possible to correct it to some extent so that otherwise irreversible changes may become reversible.
A similar possibility of reversing apparently irreversible changes arises from recent experiments on the effect of grafts upon burns which are just of full thickness. The work on tangential excision mentioned by Dr D Jackson (Jackson 1972 ) suggested that we might explore similar phenomena in experimental burns. My colleagues have checked that bums in guinea-pigs parallel clinical experience; they find that the bed produced by excision to the level of punctate bleeding will accept grafts, and that such grafting allows quantities of otherwise dead dermis to survive and be incorporated in the healed wound (Groves & Lawrence 1971) . Further studies will be needed to establish whether this effect demands a living graft or whether freeze-dried material or even a simple covering agent produces the same effect. Other beneficial effects of grafting also merit investigation: what, for instance, is the mechanism of the suppression of infection by grafts? This has been claimed for both autografts and heterografts. To what extent would an inert substitute give similar effects ? Among local effects we may also consider cutaneous pain which is the subjective equivalent of the local damage. Again, qpiite a lot is known about the circumstances for production of this pain, its time course and the change of character with time. Experiments with the usual analgesic drugs show them to be surprisingly ineffective; even the powerful pain killers such as morphine and pethidine need to be given in full doses. There is, therefore, a need for an analgesic specifically appropriate to cutaneous pain; ideally this should be free from respiratory or circulatory side-effects. Recent American experience suggests that ketamine has promising properties for this purpose, but there are as yet insufficient confirmatory trials, and from past experience one would anticipate that side-effects might be troublesome.
General Effects
As is the case in other forms of trauma, burns 'shock' as such has lost some of its charm for research. The old concept of a single syndrome due to a single cause has been replaced by a more analytic approach. How much of the syndrome is caused by volume changes? Conversely, how much remains if volume is corrected? How much is due to absorption of toxic products, or caused by stimulation of catecholamine production ? In practice, the classical 'syndrome' is often overridden by effects of inhalation of smoke or by the effects of prior disease.
The fluid requirements of large burns can be provided by a variety of regimes, and so long as the appropriate criteria are used, good results can be obtained. There remains an interesting problem concerning sodium requirements. Several successful fluid regimes vary greatly in sodium content, both absolutely and relatively to water. The underlying problem is that circulatory volume needs to be maintained in spite of a continuing leak. Continuous topping up with normal saline is a reasonable starting point. As the fluid escapes from circulation the extracellular fluid volume is expanded and flow-back via lymph ultimately balances the flow out. Presumably one should also add enough free water for evaporative losses. However, on such a regime low serum sodium levels are commonly encountered and there may be symptoms of water intoxication. The current orthodox view is to accept that sodium inevitably enters cells and, therefore, that free water should not be given. There are even claims that administered fluids should be of double tonicity in respect of sodium (Monafo 1970) . An opposing view is that if cellular metabolism can be supported, less, if any, sodium need go into the cells, and if it is already there it can be brought out again. The administration of glucose, insulin and potassium is claimed to achieve this (Allison et al. 1968) .
From this point of view, what saline solutions are given should also be of 'balanced' type so as not to give excessive chloride. The proper status of these conflicting views is a research problem which should be amenable to techniques at present available. It should also be remembered that there is clearly a very large margin of tolerance, so that too strenuous an effort to obtain supposedly normal values may be meddlesome and unnecessary.
A good case can be made for giving intravenous colloid. This we have shown to support the circulatory volume more effectively than saline alone (Davies 1968 ). Naturally occurring plasma proteins are the obvious colloids of choice, but the commonly available preparations are not quite in their original state. Freeze-dried plasma contains damaged liver protein which blocks the reticulo-endothelial system. Albumin solution is free of this, but if heat-treated to eliminate hepatitis virus it contains some denatured protein which is also foreign to the body. Plasma substitutes can also maintain circulatory volume, but make no contribution to replacement of plasma protein. An important recent finding is that dextran maintains volume chiefly by its water-binding capacity. This capacity depends primarily upon the total amount of dextran in the circulation at the time, and is almost independent of molecular size (Farrow 1967) .
Molecular size is of great importance in determining whether the material stays in the circulation. Even in the absence of the leak due to a burn, small molecule dextran leaves quickly.
Research in these fields is now more stable and is chiefly concerned in assessing the merits of new contenders in comparison with dextran. All studies of the shock phase, including the assessment of the significance of signs and symptoms and of alternative forms of treatment, are likely to be greatly improved with the application of modern monitoring techniques. Using orthodox criteria of success, several variants of fluid replacement give almost equal results. Perhaps it is time now to look for new criteria. About ten years ago it was considered appropriate to take mortality at 48 hours as a guide to success in a comparative study of saline and colloid regimes. It is now usual to obtain 100% survival at 2 days if we tryit is what happens afterwards that should discriminate in choice of therapy. Late mortality, however, is commonly due to complications such as infection and these may be related only indirectly, if at all, to the management of shock. An interesting departure has been that of Monsaingeon, who has compared the effects of alternative forms of shock therapy on the healing of experimental bums.
Later general effects of burns include considerable changes in the metabolism of plasma proteins. We have shown that though the synthesis of albumin may not greatly change, its catabolism is much increased, and, together with losses in exudate, causes the low serum levels commonly seen. In the case of gamma globulin, both synthesis and catabolism are increased, and though there may be a brief period of low levels soon after burning, the predominant change is a high serum level with periods of increased breakdown corresponding to periods of infection or pyrexia. In the case of fibrinogen, again both breakdown and synthesis are greatly stimulated after burning, and extremely high levels can be caused. A more recent finding is that when patients are treated in a warmer environment these changes in protein metabolism are considerably reduced and may remain within normal limits (Davies et al. 1969) . This corresponds to correction of the general metabolic rate by the reduction of heat loss. Research, however, is still needed to determine the optimum conditions of environmental temperature, and these may well vary at different stages after the injury.
Infection
There has been a running battle between research on therapeutic agents and the infecting organisms (Lowbury 1972) . There have been changes in the species giving most clinical trouble, and within those species changes of resistance to therapeutic agents. By a continuous research effort the gaps in our defences have been successfully stopped, but from past experience it would be unwise to think that the effort can be relaxed. Twenty years ago Ps. aeruginosa was not seriously considered as a clinical pathogen, ten years later it was the cause of greatest concern; now in the last five years it seems to be under control. We do not know the next contender, but there are plenty of possibilities, not counting viruses and fungi. We have, however, a broader range of weapons, antibiotics, the newly revived chemical agents and passive and active immunization; but continuing vigilance and research will be needed.
Psychological Aspects
The psychological antecedents of burning accidents have proved difficult to study. What indications my colleague Mrs Woodward could find suggested that burnt children were not particularly abnormal prior to the injury, though some social circumstances might predispose (Woodward 1959) . What her study did show, however, were important psychologically damaging aspects of treatment and, particularly in the case of the under-fives, the great value of frequent parental visiting. Recently in Australia and America research has been started into the changed psychological attitudes of burnt patients. A severe burn implies considerable reorientation, and studies of this and of its implications in rehabilitation may well be very rewarding.
Prognosis
Prognosis in respect of deformity is continually improving, with improvements in grafting technique such as those already described (Jackson 1972) . Until quite recently prognosis in respect of mortality had shown little similar improvement. There are now several published series confirming that mortality from burns is strongly related to both age and area burned. All agree that prognosis of the aged is very much worse that that of children and young adults. Whether young children are worse or about the same as older children varies in different series. Our own analyses at the Birmingham Burns Unit have shown a disappointing steady mortality for given age and area of burn up until 1965. Since then there has been a welcome improvement (Fig 1) 1944-64 '63 '64 '65 '66 '67 '68 '69 '70 '6570 Fig 1 Areas of burn causing 50% mortality in different age-groups (Birmingham Accident Hospital, 1944-70) This coincides with the introduction of silver nitrate as a prophylaxis against Pseudomonas aeruginosa infection, and though it may not be the sole cause, there is every reason to believe that it has been a major factor. Most other series show similar values for the 50 % lethal area, but an exception has been the data from the Karolinska Hospital in Stockholm. Their series is rather small, but it is striking that all the fatalities lie above the level where we would anticipate about an 80% mortality, and they have had no deaths below this level. Such a distribution does not lend itself to probit analysis, and it would be interesting to see whether other centres, as they improve their treatment, begin to show this same sharp cut-off of mortality. This is a change one might expect if the causes of death become less various. 7 29
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However much we may improve the prognosis of burns, it would be very much better if these injuries had never occurred, and almost all are preventable. We already know most facts about the circumstances of burning accidents. What we need to know is how effective various means are for their prevention. This implies continuing information on the numbers of accidents in different circumstances before and after specific preventive measures. We believe we have shown such improvements following the introduction of guards for electric fires and the ban on flammable nightwear for children. It is, however, difficult to be sure of this impression since we do not know the correct denominator, i.e. the numbers of persons at risk. This is really a problem for the public health and social medicine services. If they would accept the challenge I am sure that burns units would co-operate in providing details of their cases. Until such cooperation is available, it is to be feared that much safety propaganda will be unjustifiably elevated to the title of 'prevention' without there being sufficient evidence of accidents having really been prevented. What we reaUy need to do is to put outselves out of a job. The aims of clinical investigation are first qualitative, to provide a diagnosis, secondly quantitative, to assess the severity (and perhapsthe prognosis) of the disease, and thirdly to provide research data which will improve patient care by increasing understanding of the pathological process. In this paper four methods of investigation, endoscopy, measurement of gastric acid secretion, the cesophageal perfusion test and cesophageal manometry, are discussed in terms of the above aims.
Endoscopy
CEsophagoscopy has entered a new chapter with the introduction of fibreoptic flexible instruments, which facilitate examination by making it safer and less uncomfortable for the patient, while at the same time reaching new high optical standards. The aims of endoscopy are to aid in the diagnosis of herniation, to assess the presence and degree of cesophagitis, and, when indicated, to obtain tissue for biopsy. To diagnose a hernia implies recognition of the gastro-aesophageal junction and also the exact location of it above the hiatus. This is not a simple procedure, but
